. Following peripheral hearing damage, for example, through noise insult or ototoxic drugs, there are changes in activity levels in the auditory nerves that appear to be centrally mediated (Eggermont & Roberts, 2004; Gerken, Saunders, & Paul, 1984; Kaltenbach, 2006) . As a consequence, the auditory cortex receives more and/or different neural input, which it interprets as sound. Essentially, the cortex detects the amplified background neurological activity and interprets it as the sounds, such as ringing or buzzing, perceived in tinnitus. Changes in the auditory cortex have also been shown to involve reorganization of the tonotopic map (Muhlnickel, Elber, Taub, & Flor, 1998) .
For the great majority of people who experience tinnitus, the tinnitus perception they experience as a result of these auditory processes is not especially bothersome. However, for those with clinically significant tinnitus, the perception becomes reinforced and more intrusive as a result of the involvement of attentional and emotional processes.
The attentional processes involve the perceptual filters that work on all senses to determine which sensory perceptions are brought to our conscious attention and which are not. These filters play an important role, as they ensure that conscious attention is focused on important stimuli while preventing us from being overwhelmed by sensory input. The filters recognize specific patterns of neural activity, which are constantly being updated and refined through experience. In the case of clinically significant tinnitus, these filters determine that attention should be applied to the specific patterns of neural activity associated with the tinnitus percept, such that it is constantly brought to the patient's conscious attention (Jastreboff, 2004; Searchfield, Morrison-Low, & Wise, 2007) .
The limbic system of the forebrain (and the amygdala, in particular), certain sublimbic structures in the brainstem, and the autonomic nervous system (responsible for the "fight or flight" response) are involved in the control and expression of emotional states. In patients with clinically significant tinnitus, these systems become engaged in response to the awareness of tinnitus (Cacace, 2004; Kaltenbach, 2006; Lockwood et al., 1998; Muhlau et al., 2006) . At its worst, this causes a stressful state of high arousal and anxiety in response to the tinnitus awareness, and this state has a significant effect on quality of life and general well-being.
The engagement of the autonomic system and amygdala not only causes a stress reaction, but also reinforces the other processes. That is, their engagement leads to further increases in the sensitivity of the auditory system and reinforcement of the attentional filters. This, in turn, leads to further increase in tinnitus loudness and awareness, which in turn increases the level of stress, and so on, in a self-perpetuating vicious cycle that sustains the tinnitus awareness and disturbance and can make the tinnitus progressively worse over time (Jastreboff, 2004) .
Similar processes involving neuroplastic change in the auditory system and emotional centers of the brain are also believed to be involved in the development of conditions of reduced sound tolerance, such as hyperacusis and misophonia, which are commonly associated with tinnitus. Abnormally high gain within the auditory system and involvement of the limbic and autonomic nervous systems have been proposed as contributing factors in the development of reduced sound tolerance (Jastreboff & Hazell, 2004; Jastreboff & Jastreboff, 2004) , and reinforcement by cognitive/attentional processes as well as social factors has been implicated (Baguley & Andersson, 2007) . Functional studies in normal hearing people provide support for the involvement of auditory gain in the development of this condition (Formby et al., 2003) .
Reduced sound tolerance can be debilitating for patients when severe, causing painful discomfort in response to moderately loud or specific sounds. This can result in the development of avoidance behaviors that can have a significant effect on quality of life (Baguley & Andersson, 2007) .
This summarized overview of the processes involved in the development of clinically significant tinnitus is depicted in Figure 1 . The key aspects of the Neuromonics Tinnitus Treatment, which address the auditory, attentional, and emotional processes in treatment of both tinnitus and conditions of reduced sound tolerance, appear at the bottom of the figure. A full description of the program follows.
Description of the Neuromonics Tinnitus Treatment
The Neuromonics Tinnitus Treatment was developed with the intention of simultaneously addressing the auditory, attentional, and emotional processes underlying the condition. It involves use of a medical device for daily, at-home administration of an acoustic treatment, together with a comprehensive education, counseling, and support program that typically involves six face-to-face appointments with the clinician over a 6-month period. A key component of the approach is the use of an individually prescribed acoustic stimulus, which provides a broad frequency stimulus to address the effects of auditory deprivation, promotes relief and relaxation with the intention of reducing engagement of the amygdala and autonomic nervous system, and applies the principles of systematic desensitization to address the attentional processes. These key aspects of the Neuromonics Tinnitus Treatment are summarized in Figure 1 .
A central tenet of the Neuromonics approach is that of customization for each patient's unique circumstances. In particular, it involves the use of an acoustic stimulus that is customized by spectral modification to account for each patient's hearing loss profile and administered in a manner that is tailored to his or her tinnitus profile. This is complemented with a counseling and support program that is collaboratively tailored to the specific needs of each individual. By customizing the treatment in this way, its effectiveness, efficiency, and user acceptability are maximized. Consistent with this philosophy, the acoustic stimulus is spectrally modified in a patient-specific fashion to account for each individual's measured hearing thresholds. This is accomplished using fairly standard audiological principles in terms of the proportion of the hearing loss that is accounted for-a variation of the "half gain" rule is applied, modified to account for loudness recruitment/sound tolerance issues that are commonplace among tinnitus sufferers, such that somewhat less than half gain is typically provided. This is accomplished for each ear, and then the signals for the two ears are combined in a manner that seeks to ensure a perceptually balanced listening experience across frequencies by applying a correction for the equal loudness contours, and across the two ears by applying a correction based on the measured asymmetry between the ears.
Hearing thresholds are measured using standard audiological procedures and, in the case of thresholds at 10 and 12.5 kHz, calibration according to ISO TR/389-5 (International Organization for Standardization, 1998) . Spectral modification is then applied across the full frequency range up to 12.5 kHz. Psychoacoustic measures are used to characterize the tinnitus as a basis for tinnitus education and counseling, as well as (in the case of minimum masking level and loudness discomfort level) for monitoring of the patient's progress through treatment. Tinnitus pitch matching is performed using the two-alternative forced choice procedure from the Oregon Health Sciences University Tinnitus Clinic protocol (Vernon & Meikle, 1988) . The minimum masking level procedure was adapted from the technique of Jastreboff, Hazell, and Graham (1994) . Loudness discomfort level measurements are based on the classic procedure (Hawkins, Walden, Montgomery, & Prosek, 1987) , but with some adaptations, as described by Davis, Paki, and Hanley (2007) .
Patients initially use their customized treatment for 2 or more hours per day, especially at those times of the day (or night) when their tinnitus is most disturbing. In this way, while listening to the treatment, relief from the disturbing effects of the tinnitus perception is maximized in the early stage of treatment. This time does not need to be all in one session but can be split across several sessions per day as necessary to fit as conveniently as possible into the patient's daily routine. The acoustic stimulus is provided to patients via a proprietary, purpose-built medical device. This device has been specifically designed to facilitate convenient, efficient, and effective administration of the treatment. It includes features such as treatment dosage monitoring/reporting tools that facilitate compliant usage, as well as volume controls that encourage appropriate setting of volume when using the treatment. Use of the device also ensures the necessary control over the acoustic parameters of the treatment, including calibration for the frequency response of the earphones. The use of earphones with this device helps circumvent the high frequency freefield attenuation that is a practical limitation in other techniques, such as the use of hearing aids.
In addition to the use of a customized acoustic stimulus, the treatment also involves a structured rehabilitation program, typically provided over a 6-month period by a clinician specifically trained in tinnitus treatment (Davis, 2005) . This program encompasses a comprehensive suite of elements: education concerning tinnitus and how it can be addressed; coaching and behavioral modification addressing such aspects as relaxation, sleep management, and reduction in exposure to factors that may exacerbate tinnitus; counseling to address any cognitive distortions relating to tinnitus and to assist with management of the emotional response to it; and monitoring of progress through measurement and feedback of various measures of tinnitus symptoms. All of these are delivered in a collaborative rather than directive fashion. Together with personalized treatment goal-setting, this approach serves to ensure that the treatment is focused as much as possible on the unique situation and needs of each individual patient.
How the Neuromonics Tinnitus Treatment Addresses the Neurological Processes Underlying Clinically Significant Tinnitus Auditory Stimulation to Address the Effects of Auditory Deprivation
A key aspect is the objective of providing stimulation of the auditory neurons that have been deprived of stimulation because of hearing loss and/or decreased sound tolerance or other auditory system dysfunction. In this way, the treatment seeks to address the processes involving the auditory system's response to auditory deprivation that contribute to the tinnitus perception. This aspect of the treatment is consistent with recent studies that have shown that neuronal changes that result from hearing damage can be prevented by feeding sound into the auditory system in a manner that is specific to the frequencies of hearing loss (Norena & Eggermont, 2005 , 2006 .
In the Neuromonics treatment, this is achieved through the use of a wide frequency stimulus that is spectrally modified to account for each patient's hearing thresholds.
The acoustic stimulus was created by combining a selection of commercially available and licensed music recordings with a specially designed broad frequency noise component at a predetermined signal-to-noise ratio. The signal-to-noise ratio was selected so as to allow the broad frequency noise component to be audible (it is commonly described by patients as being similar to a shower sound), alongside the high frequency content of the music, and thereby enhance the stimulus provided to the auditory cortex in the early stage of treatment, yet allow the noise component to not be so prominent that it detracts from the pleasantly relaxing listening experience provided by the music. This combination is then individually customized to account for each patient's audiometric profile by spectral modification using proprietary, patented digital sound processing algorithms (Davis, 2004 (Davis, , 2005 ). The frequency range over which stimulation is provided, which extends up to 12.5 kHz, contrasts with commonly used broadband noise generators, which in practice provide only a narrow band of effective stimulation, centered around the 0.5-2.0 kHz range (Baguley, Beynon, & Thornton, 1997) .
The digital sound processing algorithms (Davis, 2004) are applied separately for each ear and the reshaped ear-specific stimuli then combined in a manner that accounts for any asymmetry in hearing thresholds across the two ears. The customization process boosts intensity in areas where an individual has relatively poorer hearing and reduces the intensity in areas of relatively stronger hearing, thereby ensuring that an appropriate amount of stimulation is provided regardless of the nature and degree of each patient's individual hearing loss profile. As mentioned previously, the amount of hearing loss that is accounted for is consistent with the half gain rule, modified somewhat to take into account the abnormally low loudness tolerance levels often displayed by tinnitus patients (Stouffer & Tyler, 1990) . Perceptual balance is further enhanced by applying the equal loudness contours, which adjust for perceptual differences in intensity across the frequency range. A further adjustment is made for the frequency response of the earphones used. To further facilitate a pleasant listening experience, intensity peaks are limited using soft compression limiting.
The various adjustments are conducted using commonly accepted audiological practice, with some modification for application to the tinnitus patient population as outlined elsewhere (Davis et al., 2007) . The digital sound processing is done using commonplace acoustic filtering and convolutional processes with sufficient resolution to provide a smooth frequency response that matches the audiometric measurements at the test frequencies.
An objective of the treatment is to stimulate the integrative pathways of the auditory system. This objective is addressed through the use of a stereo stimulus-one in which two discrete signals for the left and right ears are delivered in a manner in which the correlation between them is controlled. By adjusting for asymmetry between the ears and thereby balancing the perceptual loudness between the two ears, the treatment seeks to maximize the stereo effect. That this effect is achieved in practice is supported by the authors' observations in clinical practice. First, patients typically report that they do perceive a stereo effect and, indeed, enjoy what they often describe as an "engrossing listening experience through the entire head," rather than at the level of the ear. Second, among patients who have benefited from the treatment to date are those with so-called "central tinnitus," who describe their tinnitus as "inside their head" rather than in one ear or the other; these patients find that they are able to cover up or interact with their tinnitus using our treatment whereas they had not been successful in achieving such an effect with other binaural, uncorrelated stimuli (maskers or hearing aids). Finally, with patients who report tinnitus in a "dead" ear, it has been possible to provide treatment contralaterally through the ear with residual hearing; this is felt by the authors' to be a demonstration of the involvement of the integrative pathways in the auditory system.
Relaxation and Relief to Address the Aversive Reaction / Stress Response
Another key objective of the Neuromonics Tinnitus Treatment is to reduce the engagement of the limbic system/amygdala and autonomic nervous system, which are major contributors to tinnitus-related disturbance (Jastreboff & Hazell, 1993) . This objective is addressed through the use of relaxing music as part of the acoustic stimulus as well as through the facilitation of a sense of relief from the tinnitus perception. These effects are reinforced and complemented by treatment-facilitated improvements in sleep, as well as by benefits arising from the broader counseling and support program.
The use of relaxing music draws on studies that have shown that relaxing music is as effective as progressive muscle relaxation training in generating a relaxation response (Kibler & Rider, 1983; Stoudenmire, 1975) . To facilitate this effect, the music selected has a tempo that is similar to that of a relaxed heart beat (i.e., in the range of around 50 to 70 beats per minute) and incorporates minimal harsh percussion instruments or other distracting anomalies, which could detract from the relaxation experience. The absence of recognizable lyrics avoids evoking the linguistic areas of the brain. Selection of musical pieces for inclusion in the stimulus also took into account the need to have sufficient musical sophistication and richness to support repeated listening. In the current application of this approach, the musical content provided extends to 4 hours of acoustic stimulus, which is divided among four programs covering different music genres, to allow patients some choice among different styles according to their preference.
In relation to the relief aspect of the treatment (i.e., patients' ability to cover up-and hence get relief from-their tinnitus perception), the individually customized digital processing of the acoustic stimulus described above contributes to this effect by allowing patients in the initial phase of treatment to cover up their tinnitus at a low and therefore comfortable listening level. Figure 2 illustrates the degree of benefit in this regard that is provided by the customization process, as reported in a recent clinical study (Davis et al., 2007) . Patients were asked to set the listening volume of matched precustomized and customized acoustic stimuli to the level that just covers up their tinnitus. Measurement of the average peak intensity then revealed a perceptually very large (16 dB) mean difference between the levels at which patients were able to gain relief from their tinnitus with the customized stimulus as opposed to the precustomized stimulus.
This observation is consistent with the authors' clinical experience that many tinnitus patients have unsuccessfully attempted to use regular (i.e., noncustomized) music to achieve relief from their tinnitus. Such patients commonly report that noncustomized music needs to be turned up to a volume that is uncomfortably loud before it generates any significant interaction with or masking of their tinnitus perception. This is consistent with the mismatch between the low-frequency emphasis of music and the highfrequency bias of the hearing loss commonly found in tinnitus patients (Davis, Wilde, & Steed, 2002) . This mismatch is addressed as part of the Neuromonics customization procedure.
Commonly, patients with clinically significant tinnitus report that getting to sleep and returning to sleep after waking at night are especially problematic aspects of their condition. This makes sense in light of the auditory, attentional, and emotional processes in that (a) the tinnitus perception appears relatively more prominent in relatively quieter situations, (b) attention can become focused on the tinnitus perception in the absence of other cognitive distractions, and (c) the stress response generated by attention to the tinnitus perception is not conducive to sleepiness. As a result of the customized Neuromonics sound processing, relief and relaxation can be facilitated at a listening volume that is low enough to be used at those times when the patient is trying to get to sleep. Patients commonly use the treatment in this fashion and report early improvements in their sleep patterns. A number of features of the portable device have been designed with this usage in mind, including control buttons that can be navigated by touch, a lit LCD display, and a "sleep" setting that plays for an hour before shutting the device off with a gradual tapering in volume.
Patients are instructed to use the treatment particularly at those times of the day when their tinnitus is usually most disturbing. It is a common complaint of patients that stress appears to make their tinnitus worse and it is a cruel irony that having tinnitus is in itself stressful, and the quiet times when others get to relax are often the worst times for tinnitus (Davis, 1995) . Using the treatment at these times ensures that relief and relaxation benefits are maximized.
In addition to promoting relaxation and relief, the use of relaxing music has the added benefit that it makes the therapy pleasant for patients to use. These factors contribute to patient compliance with treatment. This, in turn, contributes to the speed and consistency with which benefits are achieved, given the dosage effect that is apparent with the acoustic stimulus used in the Neuromonics treatment (Davis et al., 2007) .
As a complement to the use of the acoustic stimulus, the clinician administering the Neuromonics Tinnitus Treatment provides a comprehensive monitoring and support program, typically over a 6-month period (Davis, 2005) . For those patients who present with relaxation and sleep issues, this program will include coaching and counseling to address these issues.
Systematic Desensitization to Address the Perceptual Filters That Lead to Attention to the Tinnitus
In the context of the relaxation response described above, the Neuromonics Tinnitus Treatment seeks to address the attentional processes underlying the condition using a novel application of the principles of systematic desensitization. A common behavior therapy technique, systematic desensitization uses a graduated exposure to increasing hierarchies of anxiety-provoking situations while a person is in a state of deep relaxation, which facilitates desensitization to the anxiety-provoking stimulus (Atkinson, Atkinson, & Hilgard, 1983) . In applying these principles to the treatment of tinnitus, in light of the practical challenges also observed by others (Tyler, 1996) , relaxing music was incorporated into the Neuromonics approach instead of the traditional progressive muscle relaxation training (Davis, 2005) .
Other researchers (e.g., Jastreboff, 2004) have argued that for the brain to become habituated to the tinnitus perception, it needs to be exposed to it. The use of an acoustic stimulus can facilitate this outcome by providing partial perception while at the same time reducing its significance, especially when reinforced by appropriate counseling. The Neuromonics approach is consistent with that general principle but applies it in a novel fashion, drawing also on the principles of systematic desensitization. In contrast to the view advocated by some professionals that patients should not cover up their tinnitus completely (Jastreboff, 2004) , in the Neuromonics approach, patients are permitted to do this as an interim measure in the early stages of treatment to maximize relief and relaxation and reduce the significance of the tinnitus. This initial stage (Stage 1) is also intended to maximize the amount of neurostimulation, in particular, the tonotopic representation of the frequencies otherwise under-represented due to hearing loss. Patients are then transitioned to the intermittent interaction stage (Stage 2) of treatment, in which complete covering up of their tinnitus is discouraged to facilitate desensitization.
Because of the dynamics of the music, once customized for the patient's audiometric profile and delivered in a tightly controlled way, the stimulus allows the patient to cover the tinnitus in the peaks of intensity in the music, while allowing the tinnitus to be momentarily perceived in the intensity troughs (see Figure 3) . In this way, the brain experiences repeated, momentary perception of the tinnitus while in a relaxed state. Patients are instructed not to continue to "tune in" to their tinnitus perception once they've set the volume appropriately at the beginning of the listening session. Rather, they are encouraged to strive to place it into the background of their conscious attention, and they are encouraged to engage in other activities while they are listening to it. By gradually increasing the degree of exposure to the tinnitus perception over time, the intention is to retrain the brain's attentional filters to perceive the tinnitus sound but not to pay particular attention to it and not to trigger the stress response in reaction to it.
In the early stages of treatment, patients typically report that they are able to cover up or interact with their tinnitus perception to a large degree while listening to the treatment. However, when not listening to the treatment, their tinnitus perception is largely unchanged. Then, through the course of treatment, patients typically report that they find they become progressively less generally aware of their tinnitus, and less disturbed by it, between listening sessions (i.e., even when not actually listening to the stimulus). These observations of a benefit of treatment that is sustained beyond the periods of treatment usage, in the authors' view, provide strong support for the notion that the treatment is effecting change at a neuronal level, that is, that patients are becoming desensitized or habituated to the tinnitus perception due to changes within the auditory, attentional, and/or emotional processes described herein. These changes are typically mirrored by improvements in minimum masking levels and loudness discomfort levels (in the absence of any change in hearing thresholds), which provide corroborating support for the contention that the treatment is reversing the auditory gain aspect of their condition. Changes in minimum masking levels and loudness discomfort levels over the course of treatment have been previously reported by the authors (Davis et al., 2007) .
Clinical Outcomes Achieved by the Neuromonics Tinnitus Treatment
By simultaneously addressing the auditory, attentional, and emotional processes implicated in clinically significant tinnitus, the Neuromonics Tinnitus Treatment aims to achieve consistent, rapid, and efficient results for suitable tinnitus patients. The intended clinical objective is, in the early stages of treatment, for patients to experience relief from their tinnitus and a sense of control, as well as improved relaxation and sleep in cases where relaxation and sleep have been problematic. Then, progressively over the course of treatment, it is intended that patients experience reduced awareness of their tinnitus, reduced tinnitusrelated disturbance, and reduced effect from the tinnitus on their general well-being and quality of life.
The ability of the Neuromonics treatment to achieve these outcomes consistently has been validated in a series of controlled clinical studies, as well as through systematic evaluation of outcomes with large numbers of patients treated in private practice. Key results from these studies are described below.
Comparison of Neuromonics Tinnitus Treatment With Other Approaches for Tinnitus Treatment
An initial feasibility study found that the notion of individual spectral modification was viable and that music was clinically superior to equally modified noise (Davis & Wilde, 1995) . A second clinical trial of the treatment was then undertaken to evaluate the effectiveness of the Neuromonics Tinnitus Treatment in comparison with two other types of treatment: (a) broadband noise plus counseling (noise+counseling) and (b) counseling only (Davis et al., 2002; Davis, Wilde, Steed, & Hanley, 2008) .
Fifty patients who met suitability criteria were allocated alternately to receive Neuromonics treatment or one of the two control treatments. Suitability criteria included a clinically significant level of tinnitus disturbance, as indicated by a score on the Tinnitus Reaction Questionnaire (TRQ; Wilson, Henry, Bowen, & Haralambous, 1991) of 17 or greater (J. L. , and the absence of any of the following exclusion factors:
• a significant hearing loss in the speech range, defined by a four-frequency (0.5, 1.0, 2.0, 4.0 kHz) average hearing threshold level worse than 70 dB in the best-hearing ear; Low users reported usage of less than 1.5 hours per day, moderate users between 1.6 and 2 hours per day, and high users more than 2 hours per day. Differences between usage groups were statistically significant (p < .01).
• ongoing compensation claims related to tinnitus;
• clinically significant psychosis, depression, cognitive incapacity, or insufficient English-language abilities; • maintenance of any significant factors that cause tinnitus to be aggravated such as loud noise exposure, ototoxic medication, and disease process; • concurrent treatment of tinnitus (including recent onset of hearing aid usage exceeding 1 hour per day).
All groups received the same amount of clinician contact time. Treatment was administered over a 6-month period for all groups, with outcomes assessed after 3 and 6 months. Patients receiving an acoustic stimulus were then advised that they could continue using their treatment or not, as they preferred, over a second 6-month period. All patients were reassessed at 12 months.
Patients receiving the customized stimulus (Neuromonics) reported significantly greater and more consistent improvements in tinnitus symptoms than patients who received an equivalent counseling and support program in combination with a broadband noise stimulus (noise+counseling) or with no acoustic stimulus (counseling only), as illustrated in Figure 4 . After 6 months of treatment, 86% of Neuromonics patients had met the minimum criterion for clinical success, defined as an improvement in tinnitus disturbance of at least 40% (measured by TRQ score). As described elsewhere (Davis et al., 2007) , this minimum threshold for clinical success was set so as to ensure that the improvement is clearly evident to the patient and, hence, is clinically significant. In the noise+counseling and counseling-only groups, 47% and 23% of patients, respectively, had reported a successful result by this criterion. Mean improvements in tinnitus disturbance after 6 months for patients receiving Neuromonics, noise+counsel-ing, and counseling-only were 61%, 25%, and 7%, respectively. Differences between Neuromonics and control groups were statistically significant whereas differences between noise+counseling and counseling-only were not significant. Significant differences were also observed between treatment groups on other tinnitus measures. Patient reports of user acceptability were also more consistently positive for the Neuromonics stimulus than for the broadband noise stimulus.
Patients receiving Neuromonics treatment also reported significantly greater and more consistent improvements in their tolerance of loud sounds than patients in the noise+counseling or counseling-only groups. Figure 5 displays Visual Analog Scale scores for loudness tolerance, rated on a 0-to 10-point scale, with pretherapy anchored at 5, improvements toward 0, and deterioration toward 10.
Comparison of Stage-Based Variants of Neuromonics Tinnitus Treatment
A recently reported follow-up study (Davis et al., 2007) aimed to determine which of two variations of the Neuromonics Tinnitus Treatment is more effective: a one-stage protocol, in which patients received intermittent interaction with their tinnitus perception throughout treatment, and a two-stage protocol, in which an initial 2-month stage involving a high level of interaction was followed by a 4-month stage of intermittent interaction. It was a repeated measures construction with random allocation of patients into one of two parallel groups. A total of 35 patients was included in the study. Suitability criteria were similar to those in the prior study.
At 2, 4, 6, and 12 months after commencing treatment, both groups displayed clinically and statistically significant improvements in tinnitus distress, awareness, and minimum masking levels as well as loudness discomfort levels. Improvements increased with time over the first 6 months of therapy, at which time, 91% of all patients across the two groups reported an improvement in tinnitus disturbance (as measured by the TRQ) of at least 40%, with a mean improvement of 65%. Results were reported quickly, with significant benefits after only 2 months. Also, 80% of patients at 6 months reported a level of tinnitus disturbance that was no longer clinically significant. A relationship between reported treatment usage (hours per day) and clinical outcomes was observed (see Figure 6 ), suggesting that a dosage effect may apply with the stimulus provided. A very high proportion of patients reported sizeable benefits in sleep, relaxation, and general well-being, and more than 95% indicated that they found the treatment pleasant to listen to and would recommend it to others (Davis et al., 2007) .
Sizeable improvements were also reported in tolerance of loud sounds, as determined by increases in loudness discomfort levels, measured at 0.5, 1.0, 2.0, 4.0, and 6.0 kHz. For patients in the two-stage group, mean improvement in loudness discomfort level exceeded 10 dB.
Both of the stage-based variants of the treatment that were tested in this study were shown to yield consistently positive clinical outcomes. However, there was some evidence for a more consistent benefit within the two-stage group, and accordingly, it was that protocol that was adopted for application in the private practice setting.
Clinical Results Achieved in the Private Practice Clinical Setting
The Neuromonics Tinnitus Treatment was first made available to the general tinnitus patient population in a private practice setting in Australia in 2004 and has since become available in the United States, Singapore, and New Zealand. Through the phase of transition from the clinical trial environment to that of private practice, researchers associated with the development of this approach have formally tracked the clinical outcomes for patients undertaking treatment in Australian clinics.
A recent study that collated the clinical outcomes for more than 470 such patients (Hanley, Davis, Paki, Quinn, & Bellekom, 2008 ) assigned patients to one of three categories based on their degree of satisfaction of various criteria defining relative suitability for Neuromonics Tinnitus Treatment. These criteria had been defined based on clinical experience through the clinical trials conducted prior to the release of the treatment in a private practice setting. "Tier 1 suitability" patients, the most suitable patients, made up the largest group (almost half of the completing treatment). They included those patients who did not display any of the factors by which the other two categories were defined and largely paralleled the profile of patients who satisfied the eligibility criteria in the above-mentioned clinical studies. "Tier 2 suitability" patients exhibited one or more of the following: high apparent psychological disturbance, a low level of tinnitus-related disturbance, as indicated by a TRQ score below 17, or moderately severe or greater hearing loss in worst hearing ear (i.e., worse than 50 dB four-frequency average). "Tier 3 suitability" (the smallest category) patients exhibited one or more of the following: reactive tinnitus (i.e., tinnitus that is exacerbated by even low-level sound), multitone tinnitus, continued exposure to high levels of noise without effective hearing protection during the period of treatment, English-language comprehension difficulties, Meniere's disease, pulsatile tinnitus, actively pursuing compensation, or hearing loss worse than 50 dB four-frequency average in the best-hearing ear (i.e., in both ears).
Clinical outcomes were found to display a relation with patients' relative suitability for treatment according to defined criteria: among the most suitable patients, who made up the largest of the suitability categories, more than 90% of patients exceeded the minimum threshold for clinical success (defined as a reduction in tinnitus disturbance of at least 40%, as measured by the TRQ), and mean improvement in tinnitus disturbance exceeded 70%. Discontinuance rate (being the proportion of patients who opted to cease treatment and claim a refund) was low at 3%. For the other suitability categories, success rates and mean improvements were somewhat lower, and discontinuance rates higher. This study concluded that the treatment is effective in the private practice setting, yielding large reductions in tinnitus awareness and associated disturbance, as well as improved tolerance of loud sounds for suitable patients.
Patient Suitability and Other Considerations in Clinical Application of the Neuromonics Tinnitus Treatment
Based on collective experience to date within the clinical trial setting and in private practice, where to date more than 2,000 patients have undertaken treatment, it has been possible to define a number of criteria that clinicians may refer to in determining patient suitability for the treatment. Evaluation by an otolaryngologist is required to exclude certain conditions requiring medical intervention or other conditions that may warrant specialist intervention, such as temporo-mandibular dysfunction. Then, a comprehensive assessment of the patient's audiometric and tinnitus profile as well as tinnitus history and general lifestyle is routinely conducted to determine suitability by these criteria. Based on this assessment, the best candidates for treatment are adults who display the following characteristics:
• clinically significant level of tinnitus disturbance, which may be defined as a score of at least 17 on the TRQ or similar accepted threshold on equivalent measures of tinnitus disturbance, such as the Tinnitus Handicap Questionnaire (Kuk, Tyler, Russell, & Jordan, 1990) or Tinnitus Handicap Inventory (Newman, Sandridge, & Jacobson, 1998 );
• normal hearing or some hearing loss, but sufficient residual hearing loss in at least one ear such that four-frequency average hearing thresholds in at least one ear are better than 50 dB, and absence of conditions (such as Meniere's disease) in which hearing thresholds fluctuate; • normal or reduced tolerance of loud sounds, as shown by loudness discomfort levels measured using narrow band noise at several frequencies; • any psychological disturbance, such as anxiety or depression, is no worse than mild or moderate; • tinnitus is not reactive in nature (i.e., exacerbated by even low-level sounds), nor pulsatile, nor multi-tone in nature; • patient is not subject to continuing exposure to high levels of noise without adequate hearing protection; • patient is not actively pursuing compensation in relation to his or her tinnitus.
Among patients who fall outside of the profile defined by the above-mentioned characteristics, many achieve positive outcomes with treatment . However, with such patients, some modification to the standard treatment protocol is often required, success rates are somewhat lower, and discontinuance rates higher. Accordingly, clinicians are advised to manage expectations appropriately with such patients. For patients presenting with a level of tinnitus disturbance below the threshold for clinical significance, or with recent-onset tinnitus (less than 6 months), clinicians may be advised to offer some basic education and support/counseling in the first instance and encourage the patients to return if symptoms persist. However, with recent-onset patients in a distressed state, a comprehensive program such as Neuromonics may be considered; there is some evidence in published reports that early intervention may be associated with better response to treatment in some cases (Kleinjung et al., 2007) .
In some cases, concurrent treatment with other treatment modalities may be beneficial. For instance, concurrent psychological intervention for patients with high levels of psychological disturbance may be advisable. Concurrent use of hearing aids should be recommended for patients whose hearing loss is sufficiently severe that communication is impaired and they regularly strain to hear.
Comparison With Other Treatment Programs
A recent report (Davis et al., 2007) provided a comparison between clinical outcomes achieved with the Neuromonics Tinnitus Treatment and those reported by separate studies for other treatment programs. Although direct comparisons are limited by study differences, mean improvement in tinnitus disturbance and the proportion of patients reporting significant improvements were much greater in the case of the Neuromonics treatment (65% mean improvement and 91% reporting significant improvements after 6 months) when compared with Tinnitus Retraining Therapy (26% mean improvement and 29% reporting significant improvements after 6 months) or Tinnitus Masking (17% mean improvement and 19% reporting significant improvements after 6 months) (J. A. Henry et al., 2005) and with Cognitive Behavioral Therapy (41% mean improvement for moderate disturbance patients and 31% mean improvement for severe disturbance patients after 6 months) (Hiller & Haerkotter, 2005) . Davis et al. (2007) also reported that a very high proportion of patients using the Neuromonics Tinnitus Treatment reported that they found it pleasant to use. This compares favorably with the use of other tinnitus treatment devices, which have been associated with reports of high discontinuance rates (J. A. Henry, Schechter, Nagler, & Fausti, 2002; Hiller & Haerkotter, 2005) . In the authors' private practice clinical experience, high patient acceptance ratings and treatment continuance rates have been observed among patient populations in which a high proportion of patients have previously tried other treatments (including hearing aids and tinnitus maskers) without success . Benefits reported by patients also include facilitation of sleep and relaxation, aspects for which other tinnitus maskers and hearing aids are not generally regarded to provide much benefit.
In the authors' experience, anecdotal reports from clinicians indicate that this treatment approach also offers convenience and efficiency (i.e., modest amount of clinical time per patient) benefits for clinicians, when compared with the more counseling-intensive alternative approaches, such as Cognitive Behavioral Therapy.
Further Directions
The Neuromonics Tinnitus Treatment is the subject of ongoing and planned further research. Clinical studies are under way and planned to investigate the relative efficacy of the treatment for various patient subcategories, including patients whose tinnitus is the result of military service and sufferers of hyperacusis. Brain imaging studies are also under way that aim to identify the neural correlates of patient responsiveness to the treatment. In addition, ongoing product development efforts seek to further enhance the treatment's efficacy, efficiency, and user acceptability, as well as the breadth of the treatment's application across various clinical subcategories with the diverse tinnitus patient population.
Summary
The Neuromonics Tinnitus Treatment was designed to simultaneously address the critical neurological processes that contribute to clinically significant tinnitus: the auditory, attentional, and emotional aspects of the condition. By doing so, it aims to achieve larger, more rapid, and more consistent clinical outcomes, with an intervention that is more pleasant for the patient and more convenient for the administering clinician than previously available alternatives. Evidence of clinical efficacy in controlled clinical studies, as well as in the private practice clinical setting, has demonstrated that this approach is clinically effective, efficient, and acceptable to patients, in particular among those patients who satisfy various suitability criteria. The relation between patient fit on defined suitability criteria and clinical outcomes achieved is instructive to health care professionals as to what patients might expect from treatment depending on their degree of suitability.
